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1. 05-299779, Nov. 12, 1993, SURFACE LIGHT EMITTING TYPE 
SEMICONDUCTOR LASER; KATSUMI MORI, HOIS 3/18; H01L 27/15; H01L 31/10 



PURPOSE: To easily provide a surface light emitting type semiconductor 
laser incorporating a photodiode and having a superior reliability, a 
high yield and a superior characteristic. 

CONSTITUTION: In a semiconductor laser having a resonator perpendicular 
to a semiconductor substrate 102, a detecting section 121 having the same 
structure as a light emitting section 120 that the resonator constitutes 
is produced. A II-VI compound semiconductor epitaxial layer 109 is buried 
in between the light emitting section and the detecting section, and the 
light emitting section 120 and the detecting section 121 are isolated 
from each other by an isolation trench 122. Reflected light of an output 
laser beam is introduced into the detecting section 121 from an exposed 
part of the surface of the detecting section 121, whereby the intensity 
of a laser beam is detected. Thus, a surface light emitting semiconductor 
laser that incorporates a photodiode used as an APC circuit is 
constituted. 
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Claims /2* 

1. A surface light-emitting semiconductor laser 
characterized by the fact that in a surface light-emitting 
semiconductor laser which has a resonator formed in the direction 
perpendicular to a semiconductor substrate so that a light is 
emitted in the direction perpendicular to said semiconductor 
substrate and in which at least one layer of the semiconductor 
layers that form said resonator is formed in a columnar shape, a 
photodiode with the same structure as that of the above-mentioned 
resonator is formed on the same substrate of the above-mentioned 
semiconductor substrate; that an electrode is formed on part of 
the surface of the above-mentioned photodiode; that the rest of 
the surface is exposed; that the above-mentioned resonator and 
the above-mentioned photodiode are separated by a separating 
groove. - • 

2. The surface light-emitting semiconductor laser of Claim 1 
characterized by the fact that an epitaxial layer of a group II- 
VI compound semiconductor is embedded between the circumference 
of the above-mentioned columnar semiconductor layer and the 
above-mentioned photodiode. 

3. The surface light-emitting semiconductor laser of Claims 
1 and 2 characterized by the fact that an electrode is formed on 
part of the surface of the above-mentioned photodiode and that a 

i 

dielectric layer is formed on the rest of the surface. 



'Numbers in the right margin indicate pagination in the foreign 
text. 
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Industrial application field 

The present invention pertains to , 
type se rai conductor Uh,.^.^^- ^Ht^ tting 
vertical direction of a substrate. ' ^ in the 

[0002] 
Prior art 

(hereinafter, described as °< • substrate 

"er,, £ °< • semiconductor Us^r D T ' Semi <=° nd °«" 

lecture preprints of the 50th . " Presented in the 

Society „ f spplied Phy s cs 1 Le " Ure ° £ "» 

September 27, 1SM) J 3 ' p - 909 ' (issued on 

[0003J 



In such a surface lioht 
an emdeddin, iayer is J^£" \T 
composed of , p . type A1GaSs / « P- unction layer 

reason for this is that a current is "'^ lay «- Th ' 

the parts other than the p-type L\ Pre " ented fr< ™ £1 °" in9 '° 

type GaAs active layer. 
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On the contrary, this ' applicant has already proposed a 
surface light-emitting semiconductor laser in which such an 
embedding layer is formed only by an epitaxial layer of a group 
II-VI compound semiconductor of one layer (Japanese Patent 
Application No. Hei 2 [ 19901 -242000) . In such a surface light- 
emitting semiconductor laser, since the resistance of the 
embedding layer can be increased, a sufficient current can be 
strangulated, and matching of the interfacial position with a 
columnar area is not required. 

[0005] 

In the surface light-emitting semiconductor laser, as shown 
in Figure 11, first," on a n-type GaAs substrate (402), n-type 
GaAs buffer layer (403), distributed reflection-type multilayer 
film mirror (404), n-type Al 0 .4Ga 0 .«As clad layer (405), p-type 
GaAs active layer (406), p-type Alo.4Ga0.eAs clad layer (407), and 
p-type Alo.1Gao.9As contact layer are sequentially deposited, and 
the p-type Alo.4Ga 0 . 6 As clad layer (407) and the p-type Alo.1Gao.9As 
contact layer (408) are vertically etched while leaving a 
columnar area. Furthermore, a ZnS 0 . 0 6Se 0 .9< is formed and embedded 
around the columnar area, and a dielectric multilayer film mirror 
(411) is vapor-deposited on the area, which is slightly smaller 
than the columnar diameter, on the upper surface of the p-type 
Alo.1Gao.9As contact layer (408). Finally, a p-type ohmic electrode 
(410) and a n-type -o hmic electrode (401) are formed. 
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such a surfao . f. the "vention 
° rd « to control a , Ught '°**tt ing _ 
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beam - and detects th Phot °diod e; extr lase '< the 
Cts the ou tput . tracts part 'of 
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However, according to the review of the inventor, if the 
above-mentioned method is used, the following problems are 
caused. 

[0009] 

(1) The semiconductor chip constituting the surface light- 
emitting semiconductor laser and the semiconductor chip 
constituting the photodiode for monitoring the quantity of light 
must be separately mounted on one package. Therefore, the yield 
of the mounting process, individual precision adjustment, 
characteristic check, etc., deteriorate the total yield or the 
characteristics, so that the manufacturing cost is raised. 

♦ ** ■) 

[0010] 

(2) Since the surface light-emitting semiconductor laser 
chip and the photodiode chip are separately mounted and 
constitute one element, the element cannot be made small. Also, 
the enabling of a free two-dimensional array that is a 
characteristic feature of the surface light-eihitting 
semiconductor laser is largely restricted, since the photodiode 
must be separately mounted. 

[0011] 



The present invention solves such problems, and its purpose 
is to provide a semiconductor laser^with a structure which has 
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Unction 

According to the 
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Application examples 

Next, the application examples of th* r>™> 
explained using the fi gures . PI — " t »— "« ere 

[0020J 

Applicat ion Examp le i 

Figure 1 is an oblique view «?h«w<„„ 
U^t-e^ttin, part and a dat cL g par SeC "° n ° f * 

[0021] 

S en,i=ot„ t ; t :^:::r; 1 t 0 u 0 "° o n f a : h d . the — of tne 

explained aeco r di„ 9 IIZ^^T^ ™ ~ 
[0022] . 

(1) .First, a n-type GaAs buffer layer (103) i , «= 
n-type GaAs substrate (102) and m • ° n 3 

reflection-type multilayeT f il" °' diStributed 

reflectivity of 98% or mirr ° rS (104, ' haVe * 

iLy or yy% or more to a liaht- in fk 



M...Ga, (A s Clad L yer no;; "* f0nKd - Th "' -'VP. 

P-type Alo.iGao.eAs claYl" r a T ^ «•«•• 

I'm „ MI are seguential ly epi ^n/"^ 

-««, (Figure „.„. At tha y t l^Xit:7T by a M0CV0 

the depoaition temperature ia ,00^ a„ d the aPPUC " io " —«*•. 

» "0 torr. As a g roup IIX ra „ maLua a„ " 

™Ga ,trimet„ y l ^ and Tml «•-« »et,l of 

and as a V g roup ra„ materia!. As J i s T * alUmim " ) is «■•<. 

[0023J 

(2) Next, a Si0 2 layer mji (e r 
thermal CVD method. Furthermore the oT °° °" * 

»«»> i. up to i t s clv r rr: t ::r Gas r ciad iayer 

method (hereinafter, described as »a III T 

the columnar li g ht-emitti„ g part and 11 T ' " hUe lMVi " 9 

r «.d -ith , resist „„? ure 2 ;;° r: h a a r t d : tecti " 9 part 

application example, as „ thit tlM ' in this 

«■> argon is used 9 "' a °« of chlorine 

! x 1Q -3 9as P r essure is 

* -a p.^:,.:.:::::;:; 10 v - — 

tc its halfway is that the structure " etChed 

carrier and a li g ht in the h« confining an injecting 

War is a rip -^^SmSi"'.*?" * ^ 
structure. retractive index waveguide 
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(3) Next, an embedding layer is formed on the p-type 
Al0.4Ga0.eAs clad layer (107). For this reason, in this application 
example, first, the resist (113) is removed, and a 2nS 0 .o6Se 0 .94 
layer (109) is embedded and deposited by a MBE method or MOCVD 
method (Figure 2(c)). 

[0025] 

(4) Next, the Si0 2 layer (112) is removed, and four pairs of 
Si0 2 /a-Si dielectric multilayer film mirrors (111) are formed on 
the surface of the contact layer (108) by an electron-beam vapor 
deposition and removed by a dry etching using a reactive ion 
etching method (hereinafter, described as "a RIE method") while 
leaving the area slightly smaller than the diameter of the light- 
emitting part (Figure 2 (d) ) . The reflectivity of the dielectric 
multilayer film mirror at a wavelength of 870 nm is 94%. 

[0026] 

(5) Furthermore, in order to form a separating groove (122) 
for separating a light-emitting part (120) and a detecting part 
(121), the p-type Al 0 . 4 Ga 0 .6As clad layer (107) is re-etched up/ to 
its halfway by the RIBE method using the resist (113) as a mask 
(Figure 2(e)) . v,: 
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[0029} ' 
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mounted in *k this 
ln the package. Parf . « 

y p art of a i aser 
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/beam (123) emitted from the light-emitting part (120) is 
reflected by a glass (124) and introduced into the detecting part 
(121) . 



[0030] 

Figure 4 shows a relationship between the driving current 
and the oscillating light output for the light-emitting part of 
the surface light-emitting semiconductor laser of this 
application example and a relationship of the current flowing to 
the detecting part at that time. A continuous oscillation was 
achieved at room temperature, and the threshold current was as 
low as 1 mA. Also, the current flowing to the detecting part is 
seldom measured at less than the threshold current, and there is 
no influence of leaking light in the horizontal direction from 
the light-emitting part. Since 'the- laser oscillation is started 
at more than the threshold current, the laser beam being 
reflected at the inside of the glass of the outgoing window of 
the package enters the detecting part, and the current flowing to 
the detecting part is also increased. In this application 
example, at a light output of 1 mW, the amount of current flowing 
to the detecting part was 40 pA, which could be detected, however 
the detection sensitivity could be improved by applying a 
backward bias to the pn junction constituting the detecting part. 

[0031] 



Application Example ,2 

Figure 5 is an oblique view showing a cross section of the 
light-emitting part and the deterflng part of a semiconductor 



/ 



laser ,200, i„ a second appUcation 

invention. Also, Figures 6(a) if. pr sent 

process for manufacturing ,„ sec "°ns showing a 

application example ' ~«— 1« laser , 200) i„ l d 



15 



(0032] 



The semiconductor, laser (200) *t +u- 
different from that of the abnvB application example i s 

- that b oth the u^tS^rriT^^ Exampie 2 

^e d In a columnar shape from a p.^ ^ - 
C20.) to part of a n-t ype Alo.<Ga 0 .6As cTad "aye^ 00 ^ ^ 
10033] 

[0034] ^plaxned according to Figures 6(a>-(f>. 

(1) First, a n-type GaAs buffer laver ■ 

n-type GaAs substrate (202, and ™ * " f0rmed ° n a 

reflection-type -Itilaye, ^ ' °* 

reflectivity of 98% or T " ^ ' Which hav * * 

£ °r more to a liohf in <-k 
wavelength of 870 nm and , the vacinity of a 

layer „..,. p . type ^^T^ ?^*> 

Al 0 .,Ga„.,As clad layer (2071 , a '' P-'WW 

<»•«■ are seguentially epi axiaUvT' «•»" layer 

'"Sure «,.„. At ' 'I .-"r. ° eP0 ^ by the «OCVD 

method 

-position temperature i oo" Zl T^" ""^ ^ 

C, and the deposition pressure is 
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.150 torr. As a group III raw material, an organic metal of TMGa 
(t rime thy 1 gallium) and TMA1 (trimethyl aluminum) is used, and as 
a group V raw material, AsH 3 is used. As a n-type dopant, H2Se is 
used, and a p-type dopant, DEZn (diethyl zinc) is used. 

[0035] 

(2) Next, a Si0 2 layer (212) is formed on the surface by the 
thermal CVD method. Furthermore, the n-type Alo.«Ga 0 .6As clad layer 
(205) is etched halfway by the RIBE method while leaving the 
columnar light-emitting part and detecting part covered with a 
resist (213) (Figure 6(b)). At that time, in this application 
example, as an etching gas, a mixed gas of chlorine and argon is 
used. The gas pressure is 1 x 10" 3 torr, and the leading voltage 
is 400 V. 

• >* > 

[0036] 

(3) Next, an embedding' layer is formed on the etched area. 
For this reason, in this application example, first, the resist 
(213) is removed, and a ZnS 0 .o6Se 0 .94 layer (209) is embedded and 
deposited by the MBE method or MOCVD method (Figure 6(c)). 

[0037] 

(4) Next, the Si0 2 layer (212) is removed, and four pairs of 
Si0 2 /a-Si dielectric multilayer film mirrors (211) are formed on 
tH^~surface of the contact layer (208)~ by^electron-beam vapor 
deposition and removed by a dry etching using the RIE method 
while leaving the area slightly smaller than the diameter of the 



light-emitting part Th* '■ 
-Utilayer fn m „ irror at """"""^ ° £ "» "electric 

the surface of a detecting part ,221, „ , ° n P °" «* 

deposition, and the Wis, t h i ck „ess i " '^"""-x^ **por 
reflectivity rat, of the detect," COntr ° 11 °" - that the 

f0038] 

(5, Furthermore, in order to f orm 
or separating a light-emitting par ^oove (222) 

the P - type A1 J*"* (220, and the detecting part 

^Ifway by the RIBE J th :f : s ^ d th ^« «07, is re-etched 
(Figure 6(e)). Ming the res "t (213, as a mask 
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P-type ohmic electrode ,210) <l l*yer ,215,, a 

electrode in contact ^^"iT^"*"- »' en 
eiectrode in contact „ ieh ' ! '"""""Sr Pert and an 
«-t they can he indepenLtV" 60 ""' "* "»-»'- - 

Furthermore. , „- t vo. T * Pr ° Vlded «"> current. 

—-t w is carri • « : - p ; r . fi„, Uy , 
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With the above process, the surface light-emitting 
^semiconductor laser (200) having the light-emitting part (220) 
with an embedded structure and the detecting part (221) with the 
same structure as that of the light-emitting part as shown in 
Figure 5 can be obtained. /5 

[0041] 

In the surface light-emitting semiconductor laser; (200) of 
^his .application example prepared in this manner/ similarly to 
the above-mentioned Application Example 1, the threshold current 
was as low as 1 mA, and the surface light-emitting semiconductor 
laser, which can control the laser beam output by the current 
flowing to the detecting part, was obtained. 

[0042] . . 

Also, in this application example, the reflected light could 
be detected with favorable efficiency by installing the 
dielectric layer on the detecting part surface so that the 
reflectivity at an oscillation wavelength could be 10% or less. 
Thus, the detection sensitivity could be improved. " J 

[0043] 



IfT~Application Examples 1 and 2, the ZnS0.0eSe0.94 layer, 
which is a group II-VI compound semiconductor, is used as the 
embedding layer, so that an electric element separation of the 



flight-emitting part and the detect!™ 

—layer in ten,, „ f high " '"aoled by a 

[0044 J 

^EE Ugation Examp le 3 

ughtXM/;;: atM: :::;;r n9 a — - - 

>«r poo, i„ , third appl J'""" 9 <* a semiconductor 

invention. Figures 8,a ) -m and r ° f 

-owing a process £or LZZrl^lV "°" ™ 
" " ld ^Plication exampie. ^conductor laser ,300, 

[0045] 

-~=.v:;:t rsrs."*- 

separated by separating grooves ^ * re 

mutually 
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application ^ZlVrTZ.tZT ^""^"^ P««ss ox this 
and Figure 9,a, . "P^-ed according to Figures 8,a,-, f) 



(1) First, a n-type GaAs buffer layer (303) is formed on a 
n-type GaAs substrate (302), and 25 pairs of semiconductor 
multilayer film mirrors (304), which have a reflectivity of 98% 
or more to a light of ± 30 run centering around a wavelength of 
780 nm and are composed of a n-type Alo.9Gao.1As layer and a n-type 
Al0.2Gao.eAs layer, are formed. Then, n-type Alo.5Gao.5As clad layer 
(305) , p-type Alo.13Gao.e7As active layer (306) , p-type Alo.5Gao.5As 
clad layer (307), and p-type Alo.15Gao.a5As contact layer (308) are 
sequentially epitaxially deposited by the MOCVD method . (Figure 
8(a)). In this application example, as the deposition conditions 
at that time, the deposition temperature is 720°C and the 
deposition pressure is 150 torr. As a group III raw material, an 
organic metal of TMGa (trimethyl gallium) and TMA1 (trimethyl 
aluminum) is used, and as a group V taw material, AsH 3 is used. 

As a n-type dopant, H 2 Se is used, and a p-type dopant, DEZn 
(diethyl zinc) is used. 

[0048] 

(2) Next, a Si0 2 layer (312) is formed on the surface by a 
normal-pressure thermal CVD method. Furthermore, a photoresist is 
spread on it and subjected to a photolithography process, so/ that 
the required pattern is prepared. At that time, the state in 
which the side surface of the resist pattern is perpendicular to 
the substrate surface is adopted. After the preparation, heating 
is not carried out at a temperature at which the side surface is 
dragged. 
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(3) Next, the Sio l 

i« etchin, (RIE) usin ; t a ;;; a ^ * ««- by the reaction 

«"tin 9 part and the detecti! ^ the Ugnt _ 
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H) Next, etehfn„ ■ 

'««». the Uoht-e ni tti„ g part I! = 01 ™"" Pa«s ror 

clad la y er hetJeen h "» P "' <* «- „-t ype 

detecting part ( F ig ute ,. . ll »>>t-«oitt*ng part and th. 
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Here, the reason why the p-type Al 0 . 5 Ga 0 .5As clad layer (307) 
is etched up to its halfway is that the an injecting carrier and 
a light in the horizontal direction of the active layer are 
confined by a rib waveguide type refractive index waveguide 
structure, so that part of the light in the active layer can be 
transferred in the horizontal direction of the active layer. 

[0052] 

Also, using the resist (313) having a vertical side surface 
as a resist and using the RIBE method for etching by irradiating 
ions in a beam shape perpendicularly to the etching sample as an 
etching method, the adjacent light-emitting part (320) can be 
separated by the separating groove (314) perpendicular to the 
substrate. At the same time, a vertical light resonator required 
to improve the characteristics of the surface light-emitting type 
semiconductor laser can be manufactured. 

(5) Next, an embedding layer is formed on the p-type Alo.5Gao.5As 
,clad layer (307) . For this reason, in this application example, 
first, the resist (313) is removed, and a ZnSo.oeSeo.g* layer (309) 
is embedded and deposited by the MBE method or MOCVD method 
(Figure 8 (d) ) . /*' 

[0053] 

— (6) Next; the Si0 2 layer (312) is removed, and a 
polycrystalline ZnSSe [layer] formed^ on it is removed. Then, four 
pairs of Si0 2 /a-Si dielectric multilayer film reflecting mirrors 
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(6) Next, on the surface other than the dielectric 
multilayer mirror (311) and the Si02 dielectric layer (315), a p- 
type ohmic electrode (310) is vapor-deposited. At that time, an 
electrode in contact with the light-emitting part and an 
electrode in contact with the detecting part are separated so 
that they can be independently provided with current. 
Furthermore, a n-type ohmic electrode (301) is vapor-deposited on 
the n-type GaAs substrate (302) (Figure 9(a)). Then, finally, 
alloying at 400°C is carried out in a N 2 atmosphere. 

[0056] 

Thus, the surface light-emitting semiconductor laser (300) 
having the light-emitting part (320) 'and the detecting part (321) 
s that of the light-emitting part as shown in Figure 7 can be 
obtained. 

[0057] 

In the surface light-emitting semiconductor laser (300) of 
this application example prepared in this manner, similarly to 
the above-mentioned Application Examples 1 and 2, a laser oujtput 
beam could be ..detected by the detecting part with the same 
structure as that of the light-emitting part. Also, the detection 
sensitivity could be improved by applying a backward bias to the 
pn jun ction constituting the detecting part; 
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semiconductor substrate as the semiconductor substrate 
constituting the surface light-emitting semiconductor laser. 

•[0062] 

Also, with the same structure of the surface light-emitting 
semiconductor laser as the structure of the photodiode, since a 
special manufacturing process for housing the photodiode is not 
necessary, the surface light-emitting semiconductor laser with 
high reliability and high yield could be simply prepared. 
[0063] 

Also, an electric element separation of the surface ldght- 
emitting semiconductor laser and the photodiode is simply enabled 
by embedding an epitaxial layer of a high-resistance II-VI group 
compound semiconductor between t'he 'Circumference of a Columnar 
semiconductor layer and the photodiode. 

[0064] 

The detection precision could be improved by forming a 
dielectric layer for lowering the reflectivity on the exposed 
part of the photodiode surface. 

[0065] 

In particular, in the case the semiconductor laser is two- 
dimensionally integ rate d with high density and arrayed, since the 
number of photodiodes can be reduced, the present invention is 
very useful. 
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Brief descriptio n of thp 

Example 1. Ser of Application 
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Example 3. r of A PPlication 

Application Lati. 3 ^"^""""a «~uctor las er of 

Plication _ P ie 3 a„ d is a T^?.* . 



Figure 10 shows an outlined diagram showing an auto power 
control (APC) circuit manufactured using the surface light- 
emitting type semiconductor laser of the application example. 

.Figure 11 is an oblique view showing an example of a 
conventional semiconductor laser. 

101, 201, 301, 401 n-type ohmic electrodes 

102, 202, 302, 402 n-type GaAs substrates 

103, 203, 303, 403 n-type GaAs buffer layers 

104, 204, 304, 404 Distributed reflection-type multilayer film 

mirrors 

105, 205, 405 n-type Al0.4Ga0.eAs clad layers 

106, 206, 406 p-type GaAs active layers 

107, 207, 407 p-type Al0.4Ga0.eAs clad layers 

108 , 208, 408 p-type Alo.1Gao.9As contact layers 

109, 209, 309, 409 ZnSo.oeSeo. 94 -embedding layers 

110, 210, 310, 410 p-type ohmic electrodes 

111, 211, 311, 411 Dielectric multilayer film mirrors 

112, 212, 312 Si0 2 layers 

113, 213, 313 Resists 

215, 315 Si0 2 dielectric layers 

314 Separating groove 

305. n-type Alo.5Gao.5As clad layer 

306 p-type Alo.13Gao.s7As active layer 

307 p-type Alo.5Gao.5As clad layer 

308 p-type Alo.15Gao.e5As contact layer 

120, 220, 320 Light-emitting parts 

121, 221,. 321 Detecting parts 

122, 222, 322 Separating grooves 
123 Laser beam 
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Figure 2 



Figure 3 




Figure 4 

Key: 1 Oscillating light output (mW) 

2 Laser driving current (mA) 
3 Detecting part current (pA) - 
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Figure 6 
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Figure 9 
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Figure 10 
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Figure 11 



